systems as indicated by the presence o f active GST enzyme in addition to GSH. Basal levels of both GSH and GST in the thalli of Phytophthora strains studied did not correlate with either fungal sensitivity to phenylamides (acetochlor, butachlor, metolachlor, dimethachlor, propachlor, ofurace, CGA-29212, metalaxyl, RE-26745, benalaxyl, furalaxyl, LAB-149202) or their acquired resistance to metalaxyl. Thalli o f Phytophthora strains from axenic cultures ex posed to sublethal concentrations of the above pesticides contained significantly higher levels of both GSH and GST than the untreated controls. This response was independent of the sen sitivity and tolerance o f the strains to phenylamides.
Introduction
The glutathione (y-L-glutamyl-L-cysteinyl-glycine, GSH) conjugation system is an im portant pathway detoxyfying electrophilic com pounds and contributes to the tolerance of living cells to xenobiotics [1 -3 ] .The key role of GSH-conjugation system in the metabolism of chloroacetanilide her bicides as related to the sensitivity or the resistance of weeds to them has been dem onstrated [3] [4] [5] [6] [7] [8] [9] , Phenylamide fungicides are structurally related to chloroacetanilide herbicides (Table I ) and they are highly selective against Phytophthora species and other taxons of Peronosporales [10, 11] . P hyto phthora species are distinct form other fungi by phylogeny, cytology, physiology and genetics [12 -15] , and can be included into the plant kingdom [ 16] , and considered as related to algae [17] . ilides (Table I) , tridem orph diastereom ers (BASF, F.R .G .) and propiconazole (Ciba-Geigy, Switzer land) were used throughout this study. Suspen sions/solutions o f pesticides were prepared from chrom atographically pure active substances by using appropriate solvents (for details see note of Table I ).
Toxicity measurements
Active substances in different concentrations were incorporated into GPA medium and poured (15 ml) into 90 mm glass Petri dishes. The plates were inoculated with 5 mm agar discs cut from the edges of 6-day-old colonies, and the inoculated plates were incubated at 19 ± 1 °C. Three plates of each treatm ent were used to estimate the variance; colony diameters were measured to the nearest mm. The sensitivity o f each Phytophthora strain to pesticides was characterized by E D 50 values ex pressed as microm ol/liter (i.e., the pesticide con centration in the medium causing 50% reduction in radial growth) calculated by means o f a curve fitting method based on a log/logistic function [26] . The survival o f the thalli to the pesticide ex posure was evaluated by transferring the treated inocula to a medium free of fungicides.
G S T assay
Phytophthora strains were grown in glass Petri dishes on the surface of GPA medium covered with cellophane layers to have well aerated cul tures and free of the medium thalli. Cytosol was extracted (the homogenized mass o f thalli in TRIS HC1 buffer pH 8.3 was centrifuged at 12,000 rpm, 10 min), then the GST activity was measured in the supernatant according to a spectrophotom etric method [4] using CDNB and GSH as substrates.
G SH assay
M easurements of the GSH levels in the thalli of Phytophthora strains were carried out in supernatants obtained as above using DTNB as reagent for sprectrophotom etric analysis following pre viously published procedures [5] .
Protein estimation
Protein content in the extracts was measured by Coomassie Blue dye binding method [27] ,
Data analysis
Experiments were repeated at least four times. Significant differences were tested either by F-or t-distributions according to Clark [28] . The growth response data were analyzed using multiple and Spearm an's rank correlation analyses, and princi pal com ponent analysis (PCA) [29] . Relationships between sensitivity of strains to pesticides and their biological properties (basal and induced lev els o f GST and GSH, growth intensity, degree of acquired resistance to metalaxyl, sensitivity to other pesticides) were analyzed by principal com ponent regression analysis (PCRA). The results of PCA and PCR A were interpreted as described by Sväb [29] and Oros [21] .
Results and Discussion
Response o f Phytophthora spp. to acetanilide fungicides and herbicides
The sensitivity o f Phytophthora species to fungi cides (Table II) and herbicides (Table III) 
Values labeled by the same letter are not significantly different at P = 5% level. Abbreviations: w, wild type; r, resis tant to metalaxyl; rev, revertant of metalaxyl-resistant mutant; n.d., not determined. variable. For example, P. syringae (the m ost sensi tive species) is about 60 times more sensitive than P. drechsleri (the most tolerant one). Sensitivities of the strains to the fungicidal and to the herbici dal acetanilides correlated only for strains with ac quired resistance to metalaxyl (Fig. 1 A) . This is in contrast to the variations in growth responses to these com pounds where significant correlation was observed for all strains (Fig. 1 B) , i.e. the strain responding selectively to the first group of com pounds responded by the same m anner to the sec ond one as well. The strains with acquired resist ance to metalaxyl (I) were less sensitive to benalaxyl (V), furalaxyl (VI) and acetochlor (IX), and more sensitive to dim ethachlor (XI) and LAB 149202 F (VII) than their parental strains. The ef fect of the presence o f the gene of acquired resist ance to metalaxyl on the response o f the given strains to the other com pounds was strain-depend ent (Tables II and III) , and it was not possible to predict the nature (positive or the negative) of the cross resistance to various com pounds even for the closest structural analogues (II and III) of m eta laxyl. The efficacy of acetanilides was also highly vari able: the fungicides are about two orders of m agni tude more efficient than the herbicides (for exam ple the experimental fungicide LAB 149202 F is about 1000 times more active than the herbicide butachlor). By means o f multiple correlation anal ysis (Table IV) the com pounds form well-separated clusters with correlations o f various significance within the clusters. Seven com pounds (I, III, V, VI, VII, XI and XII) form a closely related (P = 0.1 -1 %) cluster; VIII, IX, X and XIII are related to this main cluster with lower significance (P = 1-10% ), while CGA 22219 (II) and ofurace (IV) are significantly distinct from the others (P > 10%). By means o f Student's /-probe (Table  IV) the compounds form two clusters with signifi cantly different intrageneric broad spectrum; the first one comprises three com pounds of herbicidal activity (IX, XI and XIII), and the second one all the others. Thus, the qualitative differences be tween herbicidal and fungicidal acetanilides are clearly evident in our assay system. Interestingly, in quantitative evaluations the clustering of the com pounds is different.
Influence o f acetanilides on G SH levels and G S T activity o f Phytophthora spp.
The GST enzyme in Phytophthora species has an optimum at pH 6.5-8.5. Both content of GSH Table II. G and activity o f GST (determ inants of the efficiency o f the GSH conjugation system) in the thalli of various strains show great variations (Table V) . The levels o f GSH and GST are in good correla tion (P < 1%). There is no correlation, however, between the levels of GSH or GST and the other biological characteristics of the strains included into the Table V . Levels of GSH and GST are significantly in creased in the thalli o f P. cryptogea, P. infestans and P. syringae after exposure to acetanilides (Ta ble VI) of widely different fungicidal potency. The induced levels of GSH and GST by metalaxyl in the strains investigated are in good correlation (Fig. 2) , and the extent o f induction does not seem to be related to the sensitivity of the strains to metalaxyl. The increase o f the GST activity due to metalaxyl exposure is completely suppressed by the protein synthesis inhibitor, cycloheximide. The extent of the induction o f GST by metalaxyl and acetochlor depends on the concentration o f the in- Table VI ducers, and takes place at levels that are com plete ly inhibitory for longitudinal growth o f hyphae (Fig. 3) . At the doses of acetanilide pesticides that stop the longitudinal growth of hyphae, mass ac cumulation of the thalli continues. When the inocula are transferred from this "lethal" acetanilide treatm ent to an untreated agar plate the thalli re sume growth, showing a typical fungistatic activity of the acetanilides. Ofurace and acetochlor, how ever, are different: they exhibit a real lethal effect. The extent of the induction of GST correlates with pesticide inhibition of mass accum ulation of the thalli (Fig. 4) . The efficacies (ED 50 values) o f acetanilides against various Phytophthora strains were subject ed as variates to principal com ponent analysis (PCA) ( Table VII) . The first (i) principal com po nent (PC) accounted for more than half of the total variation indicating that the effects of most of the compounds positively correlate with each other. This PC of the correlation matrix for acet anilides appears to relate to the efficacy of these compounds, and with a low significance to the basal level of GSH in the thalli. The second PC (ii) accounted for less variation (16%) explaining strain sensitivity to ofurace (VI), acetochlor (IX) and propachlor (XIII), and correlates with the sen- Table II . sitivity of the strans to /ram'-tridemorph (Fig. 5) . The third PC (iii) accounted for a variation (11%) somewhat more than a single variable (7.7%) and relates to responses to CGA 22219 (II), ofurace (IV) and cyprofuram (VIII), and correlates with the sensitivity of the strains to c/s-tridemorph. The fourth PC (iv) influenced solely by CGA 22219 (II) accounted for a variation (6.96%) at the limit of the conventionally acceptable significance [29] and correlates with the sensitivity of the strains to propiconazole (Fig. 5) . PCRA results for the other pa rameters in Table V (growth rate, m utation rate, GST levels) are not shown because they correlate with PCs i -iv poorly.
On the basis of the results of the PCA we have attem pted to form clusters of the species and of the compounds. The results show that clones of a spe cies may belong to different clusters, indicating that the properties responsible for separation are not species-specific. High variability of the sensi tivity o f Phytophthoras to acetanilides seems to be due to their heterokaryotic and coenocytic vegeta tive body (thallus), in addition to the diploidic cell nuclei [14] . These make possible the presence of several alleles o f a gene (a heterozygotic status), a The principal components are shown in the order of the am ount of vari ation they represent. Eigenvalues having percentage variation less than 5% were omitted. The principal com ponent loadings marked with sym bols * and +, are affected significantly by the given variable (P < 5% and P = 5 -10%, respectively). phenotypic expression of which may be related to the differences in their response to acetanilides. Clustering of the com pounds can not be explained by a single chemical or physical property. These findings suggest that acetanilide pesticides have multiple sites of action on Phytophthoras, and their overall effect is a composite result of influ ences at different target sites. The presence or ab sence o f a target site is determined by species char acteristics as well as by environmental factors which can influence the phenotypical expression of the genotype. This may explain the unexpectedly large differences between effects of chemically closely similar com pounds, as well as the similari ties between the effects of com pounds that may or may not conjugate with GSH.
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Conclusion
O ur data dem onstrate that Phytophthora species can be characterized by widely different GSH -con jugation potency, which may be influenced by acetanilides. The alkylating ability of a com pound (presence or absence of a 2-chloroacetyl group in the molecule) in this respect does not seem to be es sential. The poor correlation between the growth response o f the fungi to acetanilides and their GSH or GST levels indicates that the activity of the GSH-conjugation system in Phytophthoras is no decisive in the regulation of their sensitivity to these chemicals. Based on our data we assume that acetanilide pesticides have multiple sites of action on the Phytophthora genus. For more accurate
